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Overall! cancer risk from adult passive smoking has been examined using 
smoking by spouse as the measure of exposure. Information on smoking by 
.spouse was obtained for 518 cancer cases and 518 noncancer controls. Cancer 
cases were identified from a hospital-based tumor registry in North Carolina. 
Cases included all sites except basal cell cancer of the skin and were between 
the ages of 15 and 59 years at the time of diagnosis. Cance r risk amonffl 
Ihdivfduirs^ was 16 1 timei^Waf 

by 



confounding b.^undlkidui&rhokii 


*re not 

Ted^tumbrs. Risks from passive 
smoking appeared greater, among groups generally at lower cancer risk (females, 
nonsmokers, and individual^ younger than age 50 years), but were not limited to 
these groups. 


neoplasms; risk; smoking; tobacco smoke pollution 


Passive exposure to cigarette smoke has 
been linked with a variety of health conse¬ 
quences in humans, including bronchitis 
and pneumonia in infants (1), reduced pulL 
monary function (2): and acute respiratory 
disease in children (3-5), and decreased 
airway function m otherwise healthy adults 
(6). Several reports have also focused atten¬ 
tion on a possible association between pas¬ 
sive exposure to cigarette smoke and lung 
cancer (7-10). 
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In a case-control study by. Trichopoulos 
and colleagues (7), 51 white females with 
lung cancer and 163 controls from an or¬ 
thopedic service were compared with regard 
to smoking histories of husbands. Women 
who were not smokers but were married to 
smokers were at two- to threefold risk for 
lung cancer compared with nonsmoking 
women, who were not married to smokers. 
An updated report of this study involving 
77 nonsmoking lung cancer cases and 225 
nonsmoking controls confirmed the two¬ 
fold risk among passive smokers (8). In a 
prospective study from Japan, Hiravama 
(9);observed!245 lung cancer deaths among 
91,000 married women. The lung cancer 
death rate for nonsmoking women married 
to smokers was nearly twice that for non¬ 
smoking women married to nonsmokers 
and was one-half: that for women who 
themselves smoked. Emphysema was the 
only other cause of death to exhibit such a 
pattern, although the trend was not statist 
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tically significant. Most recently, Correa et 
al. (10) reported a twofold risk for lung 
cancer among nonsrookers married to 
smokers. In contrast, analysis of data from 
an American Cancer Society study in the 
United States failed to demonstrate an as¬ 
sociation between passive exposure to cig¬ 
arette smoke and lung cancer risk (ll)i 

Many of the constituents of mainstream 
cigarette smoke which is actively inhaled 
by the smoker are present in reduced quan¬ 
tity in exhaled smoke (12) which is then 
passively inhaled by the nonsmoker. These 
same constituents are also contained in 
sidestream smoke which is released from 
the cigarette between active puffs and is 
also inhaled by the passive smoker. One 
might expect to find, as did Hirayama (9) 
for lung cancer, that for smoking-related 
sites, the cancer risk in individuals pas¬ 
sively exposed to cigarette smoke might fall 
between that for smokers and that for non- 
smokers. Risk from passive smoking might 
also be expected to be much lower than that 
from direct smoking. 

However, some chemicals appear in 
higher concentration in sidestream smoke 
than in mainstream smoke, making the ex¬ 
posure from passive smoking qualitatively 
different (12,13). The health consequences 
from passive smoking may, therefore, differ 
from those of direct smoking. These chem¬ 
icals, many of which are known carcino¬ 
gens, might lead to increased risk for cancer 
at sites not shown to be related to direct 
exposure to cigarette smoke. In comparing 
sidestream with mainstream smoke, Brun- 
neraann(in refs. 12 and13) found 52 times 
as much dimethylnitrosamine, 16 times 
as much naphthalene, 28 times as much 
methylnaphthalene, 3.4 times as much 
ben 20 (a)pyrene, and 5,6 times as much tol¬ 
uene, for example, in sidestream smoke as 
in mainstream smoke. While the concen¬ 
trations of these chemicals are higher than 
in mainstream smoke, actual exposure from 
passive smoking is heavily influenced by 
the amount of smoke generated, the volume 


of ambient air, room ventilation and the 
manner in which the cigarettes are smoked. 

Differences in the route of inhalation of 
sidestream and mainstream smoke might 
also account for differences in site-specific 
effects. Wynder and Goodman (14); for ex¬ 
ample, have proposed that if sidestream 
smoke components are inhaled;through the 
nasal passages, gaseous components but 
not smoke particulates would reach the 
lung. 

As a preliminary exploration of the hy¬ 
pothesis that passive exposure to cigarette 
smoke may be carcinogenic,, we examined 
adult passive exposure to cigarette smoke 
in relationship to cancers of ail sites. Since 
active and passive smokers may differ in 
the mix of carcinogens to which they are 
exposed, it is not obvious which'sites might 
be at highest risk of cancer among passive 
smokers. Since active smokers are also pas^ 
sively exposed, candidate sites might be 
drawn from those that have been linked 
with active smoking. Hbwever, there may 
be additional sites whose relationship u 
smoking has been obscured. In studies com 
paring smokers with nonsmokers, passive 
smokers are often included in the non 
smoking group. This would make it difficult 
to detect small differences in risk due tt 
passive smoking. We report here on cance 
risk from passive smoking using smokinn 
histories of spouses as a measure of passiv. 
exposure to cigarette smoke during adult 
hood. 

Methods 

Data reported here are from a study c 
childhood exposure to cigarette smoke an 
cancer risk in adulthood (29):. Cases fc 
study were selected from the hospital-base 
tumor registry at the North Carolina Men 
orial Hospital of the University of Ndrt 
Carolina in Chapel Hilll They included a 
cases diagnosed between July 1, 1979 an 
March 31, 1981 and assumed to be alive £ 
of March 31, 1981. Cases were between tfc. 
ages of 15 and 59 years at the time < 
diagnosis and included all cancer sites e: 
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cept basal: cell cancer of the skin. Cases 
were restricted to this age group to maxi¬ 
mize the likelihood of also detecting effects 
from childhood exposure to cigarette 
smoke. Individuals older than 60 years in 
1981 are not likely to have had mothers 
wha smoked. Patients with multiple pri¬ 
mary tumors were included only if the first 
primary tumor was diagnosed during the 
study period. 

Cases were mailed: a questionnaire for 
self-completion. This mailing was followed 
by a second mailing and then a telephone 
call if needed: In addition to questions on 
exposure to cigarette smoke, cases were 
asked to identify friends or acquaintances 
who did not have cancer to serve as com¬ 
parison subjects. These friends were the 
same race, sex, and age (i±5 years)! as the 
cases. Approximately 60 per cent of the 
controls were identified in'this manner. For 
cases for whom friend controls were not 
successfully obtained; population controls 
were identified by systematic telephone 
sampling. Beginning with the telephone 
numbers of the. cases, the next higher or 
lower telephone numbers were called until 
individual^ of the same race, sex, and age 
(±5' years) were founds For cases inter¬ 
viewed by telephone, the calls to identify 
controls were made at the same time of day. 
For cases contacted:by mail, telephone con¬ 
trols were chosenduring randomly assigned 
times of day. 

Of 740 eligible cancer cases identified 
from the tumor registry, 107 (14 per cent) 
died before we could contact them. An ad¬ 
ditional 115 (15 per cent): either refused (n 
= 71) to participate or could not be con¬ 
tacted. In alii completed questionnaires 
were obtained for 518 (70 per cent) of tbe 
eligible cases. 

Of 518 cases, 360 (7.0 per cent) named 
friends or acquaintances who could be con¬ 
tacted as controls. Of these, 86 per cent 
were successfully contacted for an overall 
response rate of 60 per cent. To obtain the 
additional 209 controls, 1,237 households 
were telephoned. Screening data (age, race,. 


sex, and cancer history of household mem¬ 
bers) were obtained for 988 households (80 
per cent); 224 (23 per cent) of these house¬ 
holds had a qualifying member. Fifteen (7 
per cent) qualifying telephone controls re¬ 
fused to participate. The overall response 
rate for selection of telephone controls was 
75 per cent (80'per cent x 93 per cent). 
Although not shown here, data were ana¬ 
lyzed separately by control selection group, 
and the adjusted results were identical to 
those obtained when the control groups 
were combined. 

Procedurally, the control selection pro¬ 
cess involved one-to-one matching. This 
was done to allow the selection of popula¬ 
tion controls without having an enumer¬ 
ated sampling frame. The analyses pre¬ 
sented here are for unmatched data to max¬ 
imize the study sample size following losses 
due to missing data on exposure. In most 
comparisons, the factors used in control 
selection are taken into account by adjust¬ 
ment procedures. Parallel analyses for 
matched pairs were carried out. Although 
not presented here, the results were similar. 

Passive exposure to cigarette smoke dur¬ 
ing adulthood was estimated from a ques¬ 
tionnaire report of the number of years of 
marriage during which a spouse smoked. 
Subjects were considered exposed if they 
had a spouse who smoked regularly at any 
time during their marriage. Regular smok¬ 
ing was defined as smoking at least one 
cigarette per day for as long as six months. 
The nonexposed group consisted of persons 
married to nonsmokers and persons who 
never married. The quantity smoked was 
reported as the average number of ciga¬ 
rettes smoked per day by a spouse while 
married to a study subject. 

For the analysis of questionnaire data, 
odds ratios were calculated, and the chi- 
square test was used to assess statistical 
significance. Combined estimates of the 
odds ratio (OR) in stratified analyses were 
obtained using the Mantel-Haenszel tech¬ 
nique (15). The method of Gart (16)' was 
used to obtain'95 per cent: confidence limits 
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for the combined estimates of the odds 
ratio. When the 95 per cent confidence 
limits did not include unity, the odds ratio 
was considered statistically significant (p 
< 0.05)i Level of education was reported as 
number of years of school completed and 
occupation was given as usual occupation. 
For stratified and adjusted analyses, age 
and level of education were treated as cat¬ 
egorical variables with four levels of age 
(<30* 30-39* 4(M9» and 50+ years) and 
three levelfe of education (<12 years, 12 
years, and >12 years). 

Results 

The distribution of cases by cancer site 
is shown in table 1. The young age of cases, 
the referral nature of the hospital and the 
fact that the study was limited to living 
cases account for the distribution of cancers 
seen. There was a predominance of breast 
cancers, female genital tract cancers, and 
leukemia and lymphoma, and a relative 
lack of respiratory tumors. Eligible cases 
with respiratory cancer were significantly 
more likely to die before they could be 
contacted for this study. 

Cases and controls are compared in table 
2. Cases and controls are, by design, dis¬ 


tributed similarly by race and sex, with'70 
per cent of each group white and 67 per 
cent female. The mean age of cases (43.6 
years) and controls (43^5 years) is also sim¬ 
ilar. Level of education differs significantly 
between gTOups; 45 per cent of cases and 36 
per cent of controls never graduated from 
high school. Leveli of education, therefore, 
is taken into consideration in most anal¬ 
yses. On the other hand, cases and controls 
do not differ by broad occupational cate¬ 
gory. A greater proportion of controls never 
married 1 (16 per cent vs. 13 per cent), but 
this difference is not statistically signifi¬ 
cant. Cancer cases and controls also do not 
differ in reported smoking histories. In part 
this is due to the relative absence of lting 
cancer cases and to the method of control 
selection. Sixty per cent of controls are 
friends of cases, and the smoking habits of 
individuals who are friends may be similar. 
When only cases with population controls 
are included, 57 per cent of cases and 46 
per cent of population controls were smok¬ 
ers. 



Table 1 


Distribution of cancer cases by site of primary tumor and study status 


Site 

ICD* Nb, 


Included! 

Refused or lost 

No, 

\ e iY, 

No. 


Lip. oral cavity; and pharynx 

140-149 

22 

(4) 

15 

(7) 

Digestive organs and peritoneum 

150-159 

41 

(8) 

16 

IT). 

Respiratory and intrathoraeic organs 

160-165 

32 

(6) 

43 

(19 > * 

Bone, connective tissue, and skin 

170-173 

42 

t8) 

13 

(6), 

Breast 

174 

60 

(12): 

16 

(7): 

Female genital organs 

179-164 

175 

(34) 

61 

(28) 

Prostate 

165 

10 

c2) 

Q: 

(0) 

Testis 

166 

6 

in 

3 ! 

(1) 

Urinary tract 

188. 189 

6 

(i) 

9 

(4) 

Eye. brain. and other nervous system 

190*192 

38 

(7) 

20 

(9) 

Thyroid and other endocrine glands 

193, 194 

27 

(5) 

3 

(1) 

Lymphatic and hematopoietic tissue 

200-207 

52 

(HO) 

13 

(6) 

Site unspecified 

199 

7i 

<m 

10 

(5) 

All sites 


51ft 

UOO.O) 

222 

(100.0) 


* p< 0;0i. 

* ICD, International Classification of Diseases, Ninth Revision. 
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Tabue 2 


Comparison of cases and controls 


T ar t or 


Com ruts 

No.i i r f i 

Nu. 

Tou) 

518 (100) 

518(1001 

Age 

<30 

96 (19) 

99 (191 

30-39 

89 (IT) 

105 120) 

40-49 

132 (25) 

12H (23) 

50+ 

201 (39) 

193 (37) 

Race 

Non white 

153K30.1' 

153 (30) 

Whit? 

365 (70) 

365 (70) 

Sex 

Male 

169 (33) 

169 (33) 

Female 

349 (67) 

349 (67). 

Marital status" 

Never married 

65 Cl 3) 

79 (16): 

Ever married 

444 (87) 

410 (84) 

Education* 

<12 years 

233(45) 

186 (36) 

12 years 

137 (27)' 

186 136) 

>12 years 

147 (2S)i 

146 (28} 

Occupation! 

Blue collar 

3 72 (35): 

194 (38) 

White collar 

192 (39V 

175 (34) 

Housewife 

1'IS (24) 

131 t26) 

U hemp toyed ! 

8 (2) 

11 (2) 

Smoking 

Never 

235 (45) 

247 (48) 

Ever 

283 (55) 

271 (52) 

Current 

154 (30) 

166(32) 

Past 

129 (25) 

105(20) 


•■'Ninecases and 29 controls did not report marital 


status, 

t One case did not report years of education. 

t Twenty.eifrht cases and seven controls did not 
report occupation. 

and in combination for sex, a^e,^g|;vSipSk* 
ing, parental smoking, education^ "and oc* 
cupationdoes not change this finding. Can¬ 
cer risk from passive exposure to cigarette 
smoke appears greatest for females and for 
individuals who are not themselves smok¬ 
ers, with statistically significant risks lim¬ 
ited to these subgroups. There are no ap^ 
parent subgroup differences ih< risk with 
race or occupational! category (blue collar 
or white collar), although risk appears 
greater for individuals with at least a high 
school! education. Cancer risk in relation¬ 
ship to passive exposure to cigarette smoke 


also appears limited to individuals who are 
younger than age 50 years. 

Cancer risks from passive smoking 
among smokers and nonsmokers are shown 
separately in tablfe 4. Risk is clearly ele¬ 
vated among nonsmokers, with the twofold 
risk significant after adjustment for age, 
race, or sex. Risk is also elevated among 
smokers, but the 30 per cent increase in 
risk is only of borderline statistical signifi¬ 
cance. Among nonsmokers, risk does not 
differ with race, but the risk from passive 
exposure is statistically significant only 
among females and among individuals be¬ 
tween the ages of 30 and 49 years, although 
it is also elevated for males. For smokers, 
risk is significantly elevated among females 
and whites. The twofold risk related to 
passive exposure among individuals 
younger than 30 years (table 3) is due to 
risk among individuals who are themselves 
smokers (OR - 2.3) (table 4). The lower 
risk among nonsmokers in this age group 
(OR * 1.4) contrasts with the greater risk 
among nonsmokers in the other age cate¬ 
gories under age 50 years. This suggests 
that the cumulative exposure through'pas¬ 
sive means,alone, for this young group may 
be below that which would pose a risk. 

For most cancer sites, the number of 
cases is too small for meaningful site-spe¬ 
cific analysis. However,,statistically signif¬ 
icant risks in relationship to passive smok¬ 
ing are seen for breast cancer, cervical! 
cancer, and endocrine cancers. Odds ratios 
adjusted for possible differences in the dis¬ 
tributions of age and level of education are 
shown in table 5 for smokers and non- 
smokers combined! 

The twofold rUk,i) fJarfiflaLcan cer shown 

cerifigt^isigreater'-araong younger women 
(OR * 3.4 forAvomeni^50^ears^s^6R• “ 

g nd^bwe^it h; 

The tvrofotd risk for cervical cancer 
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Tablf 3 


Overall cancer risk from smoking by spouse, adjusted separately* for potential confounding factors 



% txpoaedi 


Adjusted OR 

95^ CL+ on adjuated 
OR 

Fan or 

Caaesf 
in - 50a» 

Controls 
(n - 4S9t: 

Crude OR* 

Crude nsk 

55 

43 

1.6** 


(1.3,11) 

Sex 






Male 

35 

26 

1.5” 



Female 

65 

51 

l.c” 

1.7” 

(1.3, 2.2 > 

Age 






<30 

39 

24 

2.0* 



30-39 

55 

39 

1.9* 

1.6** 

(1.3. 2.1): 

4QM9 

67 

47 

2.2** 



50* 

56 

54 

12 



Race 






Nonwhite 

50 

34 

1.6* 



White 

58 

45 

1.7” 

1.6” 

(1.3,,2:1) 

Smoking 






Nonsmokers 

52 

34 

2.1” 



Smokers 

58 

51 

1.3 

1.6” 

(1.3, 2.1) 

Education 






<12 years 

55 

52 

U 



12 years 

61 

35 

2.9” 

1.6” 

(1.2,2:11 

>12 years 

50 

41 

1.5 



Occupation! 






Blue collar 

53 

40 

1.7* 



White collar 

53 

40 

1.7* 

1.7** 

(1.2,2:3i 

Either parent smoked 






No 

55 

41 

1.8” 

1.8— 

(1.3, 2.3) 

Yes 

57 

44 

1.7” 




• p < 0,05. 

”;>< 0.91. 

tOR. oddi ratio, after multiple adjustment for age, race, sex, education, and smoking status « 1.7, 95% 
confidence limits (CL) * (1.3, 2.31. 

X Spouse ever smoked while married to study subjects 

| Numbers of cases are not equivalent to those shown in table 1 because of missing vaJues for education or 
spouse smoking. 

t Excludes housewives, those unemployed, and those missing data on occupation. 


among individuals^ 


mentffo^agi^^rSrrioking status.' of* 
smoking by parents. The estimated risk is 
reduced somewhat by adjustment for level 
of education, but there is no clfear pattern 
of risk with level of education. As for the 
other sites, risk appears greatest among 
younger women (OR = 2.9 for women <50 
years vs. OR = 0.9 for women >50 years). 
Odds ratios are statistically significant for 
whites and for nonsmokers, but the mag- 
nitude of the risks for nonwhites and for 
smokers is similar. 

There is also a statistically significant 


- §risk 
it®vu 

ment for potentu 


idocrineUmiors^^ 

. 

confounding variables. 
In subgroup analyses, risk is significant for 
younger individuals, nonsmokers, individ¬ 
uals with a high school education, and in¬ 
dividuals whose parents did not smoke. 

Although the number of lung cancer 
ctfi^#*8^ ; W>n“«-22)r--Iung cancer risk 
from passiv?exj»surfefd^garett^smoiiing 
is 5 ek'amihed'in^table 



and for nonsmokers (OR ■ «) are statist!- 
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Table 4 

Oixmil cancer risk from passu* exposure to cigarette smoke among smokers and nonsmokers, adjusted for 


potential confounding factors 



Nommoker* in - 466) 


Adjusted 
ORt (95 e x 

Smokers ( n 

- 532) 


Adjusted 
ORt (95^ 

Factor; 

Ca*e*t, 

Com roll 

Crude 

DBt 

. Cases* 

Controls 

Crude 

or: 


No. (*> 

exposed) 

No. 

exposed) 


CL$) 

No. 

exposed) 

exposed) 

CLI) 

Crude nsk 

231 (52): 

235 (341 

2,r* 

(1.4, 3.0); 

278(68): 

254 (61) 

u 

(0.9, 1.9) 

Age 

<30 

45 (22): 

58 (17): 

1.4 


50 (54): 

38 (34) 

2.3 


30-39 

36 (56): 

49 (31) 

2.8’ 

2.0** 

51 (55): 

48 (43) 

1.3 

1.4 

4CM9 

50+ 

63 (68)' 
87(53): 

48 (33): 
80 (49) 

4.3** 

1.2 

(1.4. 2.9) 

67 (64) 

110 (58) 

66 ( 58) 
102(55) 

1.3 

1.1 

(1.0, 1.9) 

Sei 

Male 

39 (13) 

57 (9) 

1.5 

2.0** 

128 (41) 

102 (36) 

1.2 

1.5* 

Female 

192 (59) 

178 (42): 

2.0’* 

(1.3, 2.9) 

150 (73) 

152 (61) 

1.7* 

(1.0. 2.1) 

Race 

Nonwhite 

72 (531 

83 (31) 

2.5** 

2.0*’ 

77 (47) 

63 (48) 

1.0 

1.4 

White 

159 (511 

152 (36) 

1.9** 

(1.4. 3.0) 

201 (63) 

191 (52) 

1.5* 

(1.0. 1.9); 


* p < 0.05. 

••pcO.Gl. 

t Numbers of cases are not equivalent to those shown in table 1 because of missing values for spouse 
smoking. 

t OR. odds ratio. 

5 CL, confidence limits. 


caily significant even though they.are based f' 
on small numbers. Since only two lung 
cancer cases were nonsmokers and only 
seven were females, it is not possible to 
examine lung cancer in greater detail. Risk 
is also elevated among younger individual^ 
and among those with at least a high school 
education. 

Among nonsmokers alone, risks were sig¬ 
nificantly elevated for endocrine and cer¬ 
vical cancer, despite the loss of power from 
reducing the already small number of cases 
for site-specific analysis (table 7). The two¬ 
fold risk for breast cancer seen overall is 
also seen for nonsmokers but is not quite 
statistically significant. Among smokers, 
the odds ratio is statistically significant for 
breast cancer only. However,, the approxi¬ 
mately twofold risk for cervical cancer is 
similar to that among nonsmokers. 

There is no clear dose-response relation¬ 
ship for all cancer sites combined or for 
specific sites in 1 relationship to either the 
number of years married to a smoker (ad¬ 
justed for age) or the average number of 


cigarettes smoked per day. This is true for 
smokers and for nonsmokers and also when 
analysis is confined to those younger than 
age 50 years, to whom an effect of passive 
smoking appears limited. 

Discussion 

We have found a significantly elfevated 
overall cancer risk for individuals passively 
exposed to cigarette smoke. This cannot be 
readily explained by a number of other 
factors, including individual smoking hab* 
its and two measures of social class: edu* 
cation and broad occupational category. El¬ 
evated risks were seen for several specific 
cancer sites and were not limited to lung 
cancer or other “smoking-related" tumors. 
These findings might relate to other factors 
we have not measured or to deficiencies in 
study design. However, we have not been 
able to identify a possible confounder or a 
bias of selection or recall that could have 
caused the difference in smoking patterns 
of spouses between cases and controls. 
Study subjects and interviewers were told 
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Table 5 

Cancer risk from passive exposure to cigarette smoke , adjusted for age and education, ail'sites combined and 

specific sues 


Site 

Caws 

Crude OR* 

Adjusted OR $ 

95% CL|: on Adjusted 

No. t {% e*po*ed}J 

OR* 

All sites 

508(55) 

1 . 6 - 

1,6- 

<t. 2.2.M 

Lip, oral cavity, and pharynx 

22 155)1 

1.6 

U 

(0.4, 3.0)i 

Digestive system 

39(51): 

1.4 

i.O 

(0.5, 2.2) 

Respirator)’ system 

32 (50) 

1.3 

1.0 

(0.5, 2.4) 

Lung 

Bone, connective tissue, and 

22(59) 

1.9 

1.5 

(0.6, 4.3) 

skin 

42 (36) 

0.7 

0.7 

(0j3, 1.51 

Breast* 

59(691 

2.2- 

1.8* 

(1.0, 3.7) 

Female genual system* 

170(66) 

1.9- 

1.8- 

(1.2, 2.8) 

Cervix 

1,01(67) 

2.0T* 

1.8* 

<1.1, 3.2) 

Prostate* 

10 (30) 

1.2 

0.8 

(0.1. 3.9)i 

Testis* 

5(40) 

L9 

2.6 

(0.2, 49.9) 

Urinary tract 

Eye, brain, and other ner¬ 

6(50) 

1.3 

U 

(0.2. 7.6) 

vous system 

38(32) 

0.6 

0.7 

(0.3. 1.5) 

Endocrine 

26(65) 

2.5* 

3.2- 

(1.4, 9.411 

Hematopoietic 

52 (44) 

1.1 

1.3 

(0.7. 2.5) 

Other 

7(57) 

1.8 

1.8 

(0.3, 10.4) 


• p < 0 05. 

”p< 0.01. 

Numbers of cases are not equivalent to those shown in table l because of missing values for education or 
spouse smoking. 

X For comparison. 210 of 469 controls ; (43*c) were exposed. 

§ OR. odds ratio, 

3 CL, confidence limits. 

1 Sex-specific comparison. Of 330 female controls, 5l ,f e were eiposed. Of 159 male controls, 26^ were 
exposed. 


simply that the study was designed to look 
at smoking patterns in families. 

Gases and controls were similar with re¬ 
gard to their own smoking histories. This 
was partly because of the choice of friend 
controls who tended to have similar smok¬ 
ing histories and because known smoking* 
related sites were underrepresented in the 
case population. Cases included in the 
study were generally younger than those 
with, smoking-related tumors. Unavoidable 
delays between case identification and 
completion of interviews also contributed 
to the lack of smoking-related cancers. Per¬ 
sons with lung cancer and other smoking- 
related tumors were more likely to have 
died before they could be interviewed. In 
addition, because of the special interests of 
physicians at the hospital from which cases 
were identified, breast cancers and gyne¬ 


cologic cancers were overrepresented. As a 
result of this unintentional matching on 
smoking status, risks from passive smoking 
and direct smoking cannot be compared. 

The route of exposure for the passive 
smoker is via inhalation. Reports of effects 
on upper respiratory tract function (2-6) 
are consistent with this. There has also 
been a report of mutagens measured in the 
urine of passive smokers (17), indicating 
that components of cigarette smoke enter 
the bloodstream and are circulated 
throughout the body of the passive smoker. 
Another report indicated that enzyme ac¬ 
tivity can be induced by passive exposure 
to cigarette smoke (18)i These findings are 
tentative, but do suggest that an overall 
increase in cancer risk or an increase in' 
risk for specific nonrespiratory sites follow¬ 
ing passive exposure to cigarette smoke is 
plausible. 
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Table 6 


Lung cancer risk from passive exposure to cigarette smoke, adjusted for potential confounding factors 


Factor 

Cues 


Adjusted OR - * 

95* CLi on adjusted 
ORt 

No. i*~c exposed! 


Crude risk 

22 (591 

1.9 


(0.8, 5.0) 

Sex 





Male 

15 U0)i 

1.9 


(1.1,8-4); 

Female 

7 (100) 


3.4* 


Smoking 





Nonsmokers 

2UOO) 

«• 



Smokers 

20 155) 

1.2 

1.5 

(0.6, 3.9) 

Age _ . 





<50 

5 (801 

6.7 



50+ 

17,(53) 

1.0 

1.5 

(0.6; 3.8) 

Education 





<12 years 

15 (47.) 

0.8 



12 years 

4 1100) 1 

«** 

1.6 

(0.6.4.4) 

>12 years 

3(67) 

2.8 



Either parent smoked^ 





No 

6 (50) 

1.5 

1.5 

(0.5. 4.8) 

Yes 

9 (56) 

1.6 




*p< 0.05j 

"p< 0;0L 
* OR. odds ratio. 

X CL. confidence limns. 

§ Numbers reduced because of missing data on parental smoking. 


Table 7 


Cancer ri.sk from pavMir exposure to cigarette smoke among s makers and nonsmokersrselected sites 


Sue 


Nonsmokers 


Smokers 


No. of 
ra>e< 

Oddi ratio 

(95G CL t 1 

No. of 

cases 

Odds ratio 

<95* CLt) 

Lung 

2 



20 

1.2 

(0.5. 2.9) 

Breast 

32 

2.0 

(0.9. 4.3) 

27 

2.8* 

(1,0, 7l6) 

Cervix 

56 

2.1* 

(1.2, 3.9) 

45 

2.0 

(0.9. 4.1) 

Endocrine glands 

13' 

4.4’ 

tl'2, 17,4) 

13 

1.5 

(0.4, 5.5) 


• p < Qj05. 

* CL. confidence limits. 
t P m 0.051. 


Our study was intended to consider a 
range of effects similar to what might be 
measured in a prospective study of a cohort 
of individual who are passively, exposed. 
Such an approach serves to single out sites 
which appear to be important as well as to 
investigate whether passive exposure might 
increase susceptibility to additional insults, 
thereby increasing cancer risk overall Two 
reports in the literature use prospectively 
collected data (0; 11);. One of these (11), 
however, does not provide data on cancer 


risks at sites other than the lung, and nei¬ 
ther report provides data on overall cancer 
risk from passive exposure to cigarette 
smoke. Data from the Japanese study re¬ 
cently presented by Hirayama, however, 
indicate that cancer risk may be increased 
at sites other than the lung and that risk 
may not be limited to smoking-related sites 
(Hirayama, personal communication: pre¬ 
sented at Hawaii Cancer Conference, 1984). 

For this study, passive exposure during 
adult life is determined from a question - 


Source: https://www.industrydocuments.ucsiHdu/docs/gfvjOOOO 
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naire report of the number of years of mar¬ 
ried life during which a spouse smoked. 
Misclassifieation of exposure status is 
likely for individuals who never married but 
have lived with other persons who smoked. 
Slightly more controls than cases reported 
never marrying, which might lead to differ¬ 
ential misclassification. However, we rean¬ 
alyzed our data, excluding subjects who 
never married, and found the results to be 
the same. When only married subjects were 
included the odds ratio for cancers of all 
sites combined was also 1.6. We made no 
allowances for multiple spouses, other 
members of the household who smoke, or 
passive exposures which occur outside of 
the home. Quantity smoked; too, is an ap¬ 
proximate measure. The reported number 
of cigarettes smoked per day by the spouse 
is simply the average daily amount smoked 
during that time period; No allowance was 
made for changes in smoking habits of the 
spouse over time or for time since last 
exposure if the spouse did not smoke during 
the entire married interval. 

Nonetheless, we found smoking by 
spouse to be significantly associated with 
overall cancer risk. The odds ratio of 1.6 
was not substantially altered by, adjustment 
for age, race, sex, smoking status, educa¬ 
tion, or occupation. Risk was limited to 
individuals younger than age 50 years, who 
were at approximately twofold risk- Risk 
was also greatest for females and non- 
smokers, although not entirely limited to 
these groups. 

When smokers and nonsmokers are con¬ 
sidered separately, the twofold risk among 
nonsmokers is highly-significant and is not 
altered by adjustment for potential con¬ 
founding factors. The 30 per cent increase 
in risk among smokers whose spouses also 
smoke is only of borderline statistical sig¬ 
nificance, but is also unchanged by adjust¬ 
ment for other factors. The groups for 
whom risk from passive smoking appeared 
greatest are those groups generally at lower 
cancer risk overall. It may be that the small 
risk imposed by passive exposure during 


adult life is difficult to detect statistically 
in individuals at risk from other causes. 
Also, women who smoke may tend to smoke 
less, start later, and inhale differently than 
men. This would allow for a greater impact 
of passive exposure among women, regard¬ 
less of their own smoking status. In addi¬ 
tion, very few nonsmoking men are married 
to smokers, making it more difficult to de¬ 
tect a risk among males. In our data* only 
10 per cent (10/96) of nonsmoking males 
were married to smokers, whereas 51 per 
cent (189/370) of nonsmoking females were 
married to smokers. 

The increased cancer risk from passive 
exposure was not limited to sites generally 
thought to be smoking-related (12, 13); In 
fact, because of our case selection proce¬ 
dures and delays in interviewing cancer 
cases, individuals with cancers of smoking- 
related sites were only a small proportion 
of total cases. If cancers of the esophagus, 
respiratory tract, oral cavity and pharynx, 
urinary tract, and pancreas are designated 
smoking-related, the odds ratio for smok¬ 
ing-related tumors is 1.3, whereas the odds 
ratio for other sites is 1.7 (p < 0.01). Evi¬ 
dence is accumulating that cancer of the 
cervix should also be included among those 
sites that are smoking-related (19-21). 
When the cervix is included, the odds ratio 
for smoking-related sites is 2.0 and for 
other sites is 1.5, both of which are statis¬ 
tically significant. 

Only 22 lung cancer cases are included' 
in this report, with an odds ratio of 1.9 
among passive smokers. Although not sta¬ 
tistically significant, it is consistent with 
the level of risk reported 1 in other studies. 
For women and for nonsmokers, the risk of 
lung cancer among those passively exposed 
was significantly increased despite very 
small numbers. The odds ratio-for individ¬ 
uals under age 50 years was of borderline 
significance. Hirayama (9). reported a two¬ 
fold risk for women married to smokers and 
found that risks were also greatest amonf 
younger women (as measured by husband-* 
age). While Garfmkel (ill); didn’t' find ar 
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overall relationship of passive exposure to 
lung cancer risk, the relative risk among 
women married to smokers was in the same 
direction. Relatively few women in Garfm- 
keUs cohort were under age 50 years, which 
might expjain these inconsistent results. 

In 1 a study reported by Correa et al. (10), 
a twofold relative risk was seen among non- 
smokers married to smokers. The risks 
were similar for males and females, al¬ 
though^ he number of: nonsmoking males 
with lung cancer was very small. Among 
smokers, males who were light smokers 
with wives who'were heavy smokers had a 
relative risk of 1.5: Trichopoulos et al. (7, 
S); also' reported: an overall twofold lung 
cancer risk which was statistically signifi¬ 
cant among nonsmoking women married to 
smokers. 

The studies reported by Trichopoulos et 
al. (7, 8), Correa et al. ('10); and Hirayama 
(9) all suggest a dose-response relationship, 
although different measures of dose were 
employed in the three studies. In our study,,, 
there was no apparent dose-response using 
either years married to a smoker or average 
amount smoked by spouse as the measure 
of dose, but the number of lung cancer cases 
may be too small to expect a consistent 
trend. Evaluation of dose is not straightfor¬ 
ward and depends on factors which we did 
not measure, such as room ventilation and 
smoking ‘"style” of the spouse. 

We found a twofold cervical cancer risk, 
which persisted after adjustment for level 
of: education, among women whose hus¬ 
bands smoked. We did! not collect data on 
sexual activity of cases or spouses. We also 
see an increased risk of breast cancer.. Since 
the sociodemographic risk factors for these 
two sites are not the same,, this supports 
the conclusion that the apparent excess 
cervical cancer risk is not entirely due to 
confounding by social class. Buckley et al. 
(22) reported a fourfold risk of cervical 
cancer among women whose husbands 
smoked, but after adjustment for number 
of sexual partners of: the husband, the re¬ 
sulting twofold relative risk was not signif¬ 


icant Similar results were reported by 
Brown et aL (23). Hirayama (9) did not find 
elevated cervical cancer risk among women 
whose husbands smoked. This may relate 
to differences in. the ages of the women 
studied or to differences in risk from other 
factors. 

No previous study has reported a positive 
association between breast cancer and 
either passive or direct exposure to ciga¬ 
rette smoke (24-26). In a recently reported 
study by Rosenberg et al. (27), the relative 
risk for breast cancer was approximately 
1.0 for exsmokers, current smokers, and 
heavy smokers as compared with non- 
smokers. The crude odds ratio of 2.2 that 
we report is not reduced by adjustment for 
a number of potential confounding varia¬ 
bles. Risk is not seen among women older 
than age 50 years or among women with 
less than a high school education^ but is 
fairly constant across all other groups. Pe¬ 
tr akis (28) has detected nicotine in breast 
fluid of nonlactating women who smoked, 
which may lead to alterations in breast 
tissue. This would support a possible role 
for passive smoking if passive exposure also 
caused such an effect. 

One other site for which we find an as¬ 
sociation with passive exposure, endocrine 
glands, is not generally thought to be smok¬ 
ing-related. The number of tumors here is 
small, of which 11 are thyroid tumors. 

In summary, passive exposure to smok¬ 
ing by spouse is related to an overall risk 
of cancer in our data. This association per¬ 
sists after adjusting for possible confound¬ 
ing factors. Associations with several spe¬ 
cific tumor sites are also statistically sig¬ 
nificant, including some which are not 
ordinarily regarded as smoking-relatedi 
Further studies are required to confirm this 
broad spectrum of carcinogenicity by pas¬ 
sive smoking and to explore the unexpected 
site-specific findings. 
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